SUMMARY The occurrence in a family of an isolated case of an autosomal dominant disorder with reduced penetrance presents a difficult problem in genetic counselling. It is shown that in such a situation the risk of recurrence in subsequent offspring is given by:
Genetic counselling in a family with an isolated case of an autosomal dominant disorder is relatively straightforward if the disorder in question is always fully penetrant, as in achondroplasia. In this situation, barring illegitimacy, the affected subject must be a new mutation and therefore the chance of recurrence in any subsequent child is negligible. However, in disorders with reduced penetrance, an isolated case in a family may not be a new mutation because one of the parents may be a clinically unaffected heterozygote. Pauli Here, a formula is derived which takes into account fitness of affected heterozygotes. It is then shown that the risks of recurrence in offspring born after an isolated case will always be greater than 1 in 20 unless penetrance exceeds 0-90 and fitness is less than 0-6. 
Derivation
The derivation is based on Bayesian methods. In the situation under consideration the prior probability that both parents are heterozygous can be ignored, since we are dealing with rare disorders. The probability that either parent is heterozygous, but appears normal because the gene is non-penetrant, is 4pq(1 -P) where p and q are the frequencies of the mutant gene and its normal allele and P is the penetrance. Given that one of the parents is heterozygous, then the conditional probability of their having a child who has inherited the mutant gene and is also affected is P/2. On the other hand, given that neither parent is heterozygous, then the conditional probability of their having a child with a new dominant mutation is 2[, which is equal to 2pq(1 -f) where f is the relative biological fitness, and assuming there is balance between mutation and selection. The probability of an affected child is then 2pq(1 -f)P. The joint and posterior probabilities are then calculated in the usual manner.
Probability
Either parent heterozygous but appears normal
The posterior probability that one of the parents is heterozygous is therefore:
Risk estimation in autosomal dominant disorders with reduced penetrance 2pq(1 -P)P 2pq(1 -P)P + 2pq(1 -f)P 1 -P 2 -P -f
(1).
The risk of the next child inheriting the abnormal gene and also being affected is therefore:
P(1 -P) 2(2 -P -f) (2) . 0 60 0-70 0-80 Penetrance (P) However, since in practice fitness is assessed only for affected heterozygotes (say f') in disorders with reduced penetrance, the fitness of all heterozygotes (f) will be somewhat greater. Using fitness values derived from affected subjects only in equation (2) will therefore tend to underestimate risks calculated in this way.
Since selection against all heterozygotes (s) is equal to selection against those that are affected (s') multiplied by penetrance:
Substituting this value of f in equation (2), the risk to the next child becomes:
If there is no reduction in fitness the risk simply becomes P/2. 
